During the necropsy of a 2-yr-old untreated control rat from a carcinogenicity study, a tan brown nodular mass was observed within the tunica albuginea of one testis. Both testes were processed for light and transmission electron microscopy. Histologically, the testicular mass was composed of round to polyhedral cells with distinct cell boundaries, amphophilic cytoplasm, fine nuclear chromatin, and a delicate fibrovascular supporting stroma. Ultrastructurally, the tumor cells displayed features associated with spermatocytic differentiation. Based on the light microscopic and the ultrastructural features, the tumor was considered a spermatocytic seminoma of the testis, a rare tumor in the rat.
INTRODUCTION
Tumors of the testes are not unusual in aging male albino rats and the incidence approaches 100% in certain strains, notably the Fischer 344 and to a lesser extent in other strains such as Wistar (4, 6, 7, 11, 13, 22, 24, 25) . The vast majority of these tumors in the rat are derived from the interstitial cells of the testis. As in other species. testicular neoplasms may arise from the germ cells or Sertoli cells ,of the seminiferous tubules. However, both seminomas and Sertoli cell tumors are rarely observed in the rat. A few published papers concerning seminomas in the rat lack detailed morphologic descriptions (9, 23, 27) . Further, there is paucity of information on the ultrastructural features of testicular tumors in the rat. The purpose of this brief communication is .to present the light microscopic and ultrastructural features of this unusual testicular tumor found in an aging control rat.
weeks on study. The rat was 4 weeks old at the initiation of the study and was originally supplied by Charles River Breeding Laboratories (Kingston, NY) as a specific pathogenfree M'istar strain rat. All major organs were examined for gross and histopathologic changes.
For light microscopy, the testes were fixed in 10% buffered formalin and processed for histologic evaluation. Sections were stained with hematoxylin-eosin, periodic acid-Schiff (PAS), and Oil red 0.
For electron microscopy, the formalinfixed tissue was washed in 0.1 h4 phosphate buffer containing 0.75% sucrose, postosmicated, and embedded in epon araldite. Ultrathin sections were examined by transmission electron microscopy after staining with uranyl acetate and lead citrate.
RESULTS
The affected testis was significantly enlarged due to a tumor mass measuring approximately 1 cm in diameter, while the contralateral testis was normal. The cut surface of the tumor was tan, soft, and had replaced most of the testicular parenchyma, although confined within the tunica albuginea.
Uy light microscopy, infrequent interstitial cells of Leydig in the normal contralateral testis were characterized by a nucleus with 215 TOXKOLOGIC PATIiOLOGY abundant peripheral heterochromatin and distinct nucleolus and fine vacuolated eosinophilic cytoplasm with ill-defined cell boundaries. When stained with Oil red 0, the cytoplasm of normal interstitial cells exhibited numerous lipid droplets; with PAS, there were foci of positive staining in occasional cells. There were no morphologic changes in the seminiferous tubules.
In contrast to these light microscopic features of normal interstitial cells, the tumor was composed of round to polyhedral cells with central oval or round nuclei and abundant, homogeneous amphophilic cytoplasm. The cells infiltrated the interstitial stroma compressing and isolating seminiferous tubules ( Fig. 1 ). Smaller round cells with dark condensed nuclei as well as larger mononucleated, binucleated, or multinucleated giant cells were observed occasionally. The nucleus of polyhedral cells usually contained a single distinct nucleolus and had a fine reticular chromatin pattern. Mitotic figures were numerous and abnormal mitoses, including scattered metaphase chromosomes and premature chromosome conglutination, were evident. Tumor cells rarely formed rosettes around the blood vessels. The supporting stroma consisted of a sparse delicate fibrovascular network (Fig. 2 ).
Occasional tumor cells showed faint focal cytoplasmic PAS-positive staining. There was no microscopic evidence of intratubular involvement, and metastases were not found. The testicular hormone-dependent accessory sex glands of the animal were histologically normal. The special stains did not disclose additional structural features indicative of the histogenesis of the tumor cells.
Ultrastructurally, the parenchyma of the normal contralateral testis contained a small number of Leydig cells in the interstitium with c ha rac t e r is t i c s t r u c t u ra 1 features , such as numerous mitochondria with parallel cristae and prominent matrical dense granules, abundant smooth endoplasmic reticulum, and frequent lipid droplets. The cytoplasm was relatively devoid of free polyribosomes or granular endoplasmic reticulum. Some Leydig cells were filled with residual bodies. The nuclei had a single prominent nucleolus with several clumps of peripheral lieterochromatin. The boundary of adjacent cells often showed closely apposed membranes with subjacent electron-dense material resembling macula adherens. Pinocytotic vesi-cles were present occasionally at the cell borders.
Spermatocytes were characterized ultrastructurally by meiotic chromosomes with synaptonemal complexes, dilated Golgi complex, numerous dilated rough endoplasmic reticulum cisternae, peripherally arranged mitochondria with enlarged intracristal spaces, membrane whorls, and numerous free polyribosomes (Fig. 5 ). Early spermatids also had dilated Golgi vesicles, peripheral mitochondria, and other ultrastructural features associated with spermiogenesis such as acrosomes with acrosomic granule, proacro-soma1 granules, and lamellar and chromatin bodies. The cell borders had smooth contours and occasional cell junctions similar to macula adherens.
Tumor cells were predominantly mononucleated and had a fine reticulated chromatin pattern and some displayed synaptonemal complex-like structures reminiscent of the pachytene stage chromosomes of meiotic prophase (Figs. 4 and 6 ). Nuclear condensation suggestive of spermiogenetic transformation was observed in a few cells (Fig.  7 ). Prominent nucleoli with dense nucleolonema and translucent halo, clustered mitochondria with lamellar and tubular cristae, abundant free polyribosomes, and some granular as well as smooth endoplasmic reticulum in the cytoplasm were also seen ( Figs. 3  and 4 ). Foci of glycogen granules were frequent in dividing cells. The mitochondria in some tumor cells contained membrane whorls and enlarged intracristal spaces similar to those observed in spermatocytes and spermatids ( Fig. 9 ). Multiple lamellar bodies were seen occasionally ( Fig. 10 ). Tumor cells also had a distinct Golgi complex, which often exhibited structural changes suggestive of abortive acrosome formation or accumulation of small secretory vesicles (Figs. 4 and  7) , dilated rough endoplasmic reticulum containing slightly electron-dense material, and proacrosome-like granules near Golgi complex ( Fig. 8 ).
DISCUSSION
The interstitial (Leydig) cell 'tumor is the most common type of spontaneous testicular tumors in aging Fischer or M'istar rats (4, 6, 7, 11, 13, 22, 24, 25) and has also been observed in other strains such as Sprague-Dawley (1). In contrast, tumors of germ cell or of Sertoli cell origin are exceedingly rare in rats Vol. 13, No. 3,1985 RAT SEMINOMA 21 7
FIG. 1 (top)-low power view of spermatocytic seminoma showing interstitial infiltration of tumor cells

FIG. 2 (bottom)-Frequent mitotic figures (arrow) and round to polyhedral tumor cells with distinct cell
isolating atrophic tubules (tu). x 100. boundaries. Occasionally, small cells and binucleated cells are seen. x 400. and few have been described in detail (2, 9, 23, 27) . The most frequent secondary tumor in rat testis is malignant lymphoma, often a n early manifestation of the disease (16, 26). Based on the histologic and ultrastructural findings, seminoma, spermatocytic seminoma, interstitial cell tumor, arid lymphoma were considered in the differential diagnosis.
Spontaneous, X-irradiation, and chemically or surgically induced interstitial tumors in rats are reported to share common light and electron microscopic features regardless of their functional status (1, 4, 6, 8, 9, 11, 14, 15, 18, 29) . Histologically, interstitial cell tumors in the rat are reported to have abundant smooth endoplasmic reticulum, nuclear het- erochroniatin, lipid droplets, and in some mature lymphocytes, while poorly-differencells, microvilli. Similar features were not tiated lymphoma (lymphoblastic type) cells observed in this tumor and suggested the lack may be so anaplastic that differentiation from of interstitial cell origin. Malignant lympho-reticulum cells is often impossible (16). Iteticmas show a great variation in cytologic and ulum cell sarcoma has cytologic features histologic characteristics, and cells from well-common with this teslicular tumor such as differentiated lymphomas resemble normal high mitotic index and the presence of giant cells. However, lymphoma cells tend to have two or more indistinct nucleoli and prominent coarse chromatin condensation along the nuclear envelope, sparse cytoplasm with abundant free polyribosomes, and few, but large mitochondria. In mixed type lymphomas, the small cells display heavy clumps of peripheral heterochromatin, a small complement of mitochondria, and free cytoplasmic polyribosomes (17, 19) . TOXICOLOGIC PATHOLOGY
The differential diagnosis of spermatocytic seminoma from seminoma was based on the light and ultrastructural characteristics of the cell lineage. The light microscopic findings including interstitial arrangement of tumor cells in sheets, absence of lymphocytic infiltrate or granulomatous reaction, and lack of invasion or metastasis were considered to be significant histologic features of spermatocytic seminoma in man (16). Electron microscopy showed cellular features reminiscent of spermatocytes which, together with spermatid differentiation, helped to distinguish from more undifferentiated germ cell tumors. Published reports on spermatocytic seminoma in man (5, 10, 12, 15, 16, 18, 20, 21, 28) described some features also seen in the tumor described here. The features common to both were: (a) three constituent cell types; (b) high mitotic index; (c) filamentous spireme-like distribution of chromatin; (d) cytoplasmic alterations, including mitochondria with enlarged intracristal spaces and membrane whorls, proacrosomal granules, prominent Golgi complex, dilated Golgi vesicles, free polyribosomes and sparse smooth or granular endsplasmic reticulum; and (e) the characteristic interstitial distribution of neoplastic cells. The ultrastructural characteristics of normal spermatocytes and spermatids in man and mammalian testes also support this diagnosis (3, 30). We have not observed this testicular tumor type in aging Wistar or Sprague-Dawley rats previously over a period of two decades.
